Controlled experiments, including mesocosms and laboratory cultures, are used to identify a potential specific causeeffect relationship that has been previously inferred in field studies. In this study, a series of mesocosm experiments are carried out to assess the impact of different concentrations of copper on benthic foraminiferal assemblages over time. This pilot investigation documents that Cu contamination has a detrimental effect on foraminifera when compared to original and control samples. In particular, increased concentrations of Cu (normally higher than 120 µg/l) lead to a lowering of foraminiferal density and diversity and an increased occurrence of abnormalities. This study thus supports that the use of an experimental approach is suitable for investigating the response of benthic foraminifera to stress including pollution. Moreover, the application of mesocosms represents an innovative tool to be placed alongside field studies and culture experiments.
Introduction
Marine environments, particularly estuaries and shallow near-shore areas, are increasingly subject to anthropogenic impact and are recipients of various kinds of anthropogenic waste. The governments of many countries have applied and continue to develop marine and ecosystem protection policies covering coastal-marine and transitional ecosystems. The definition and implementation of these policies require the provision of reliable and comparable data and information, as well as suitable assessment and monitoring tools.
In this context, foraminifera are presently one of the best known and most comprehensively studied of the microfossils, and are among the most abundant protozoa in the marine realm. Benthic foraminifera are marine unicellular organisms protected by a calcareous, agglutinated or organic external shell. Because of their widespread distribution, short life and reproductive cycles, high biodiversity, and specific ecological requirements, foraminifera respond to environmental changes [1] . They are commonly small and abundant compared to other hard-shelled taxa (such as mollusks, which are often used for pollution monitoring) and are also easy to collect, providing a highly reliable database for statistical analysis, even when only small sample volumes are available.
They are also particularly sensitive, and it has been convincingly demonstrated that the study of their assemblages is a reliable tool with which to assess the environmental impact of pollutants in a wide range of marine environments [2] [3] [4] [5] [6] [7] . Benthic foraminifera have been successfully used as proxies for studying the impact of a number of pollutants, including "heavy" metals, chemicals and oil, as well as thermal and organic (pulp mill, aquaculture and sewage) contaminants [2, for a review]. Moreover, they generally respond to adverse ecological conditions by primarily undergoing: 1) local extinctions; 2) compositional biocoenosis changes; 3) assemblage modifications, which include changes in abundance, diversity and test size; and 4) the development of test abnormalities [3, 7, 8] . Despite the fact that major advances in our capacity to decipher benthic foraminiferal ecology have been made over the last 50 -60 years [7, 9] , for reviews, we are still far from fully understanding the dynamics thereof in polluted environments. Indeed, field surveys of foraminiferal assemblages do not always directly allow the identification of the mechanisms underlying ecological responses to pollution. Furthermore, the most severely polluted areas are often naturally stressed, and this makes it difficult to interpret what proportion of observed local variations in assemblage composition and parameters are due to natural or anthropogenically in-duced changes [5, 6] . The complex scenario, where natural vs. human induced stress occurs contemporarily, is further complicated by the occurrence of different kinds of pollutants and their synergic and antagonistic interrelation. Under these circumstances, assessing the role played by a single factor is undoubtedly difficult, while the influence of additional factors on benthic foraminiferal assemblages can also not be ruled out. Experimental approaches can, however, provide insight into key impact mechanisms by examining each potential variable in isolation. Accordingly, laboratory experiments, through which benthic foraminiferal responses to various types and concentrations of pollutants can be observed over time, represent the most effective and direct way of evaluating and assessing the effect of a single parameter. In particular, such experiments enable continuous and accurate observations to be made of the benthic foraminiferal response under controlled conditions. In these circumstances, a single parameter can be altered, with the rest remaining constant, in order to note the response to a variation in a particular parameter. In this way, the benthic foraminiferal reaction to specific parameters can be directly characterized, adding credibility to and validating field based observations. Some laboratory experiments have been conducted by simulating stress conditions (e.g. variations in pH, pCO 2 , temperature, food type and salinity, organic matter, Cu, Hg and oil) using a series of monospecific cultures (e.g. Ammonia aomoriensis, Ammonia beccarii, Ammonia tepida, Haynesina germanica, Pararotalia nipponica, Bulimina marginata and Rosalina leei), for a review see [10] . Furthermore, along with field studies, these experiments can be integrated with mesocosm tests that effectively represent the natural conditions (i.e. in the original sediment) where foraminifera live. A very limited number of mesocosm experiments have previously been conducted [11] [12] [13] [14] [15] [16] [17] [18] [19] . In colonization research, [20] evidenced minor changes in benthic foraminiferal assemblages exposed to high concentrations of Cu in sediments. These changes included an increase in equitability, a reduced abundance and negative effects on Stainforthia fusiformis and Bolivinella pseudopuctata. A lowering in foraminiferal abundance when exposed to tributyltin was documented [12] . It has also been revealed that secondary treated sewage-derived particulate organic matter does not have a direct effect on the food source of the foraminifera or their diet [19] . Furthermore, in a laboratory study of the impact of oil on intertidal faunas, [18] revealed that the toxicity of oil components may lead to increased mortality in foraminiferal faunas, particularly in some species which react with reproductive events, leading to a sudden increase in their density and a strong increase in their relative abundance.
The available results from studies carried out in both the field and the laboratory have demonstrated the effectiveness of benthic foraminifera as a pollution proxy in marine ecosystems. However, a more concrete understanding of the various disturbing processes, as well as the biological response mechanisms related to pollution, can be achieved by using mesocosms. Moreover, a better understanding of the quantitative and temporal relationships between environmental forcing (concentrations of single pollutant) and benthic foraminiferal responses will enable us to improve reliability and efficiency when using these foraminifera as a proxy for environmental pollution in marine ecosystems. It will also mean that decision-makers and governmental bodies will be able to use these micro-organisms in environmental monitoring and the management of marine ecosystems. The main aim of this research was to test the feasibility of the pilot mesocosm experiments and document the response of benthic foraminifera in terms of parameter changes to various concentrations of Cu over time under laboratory controlled conditions. In order to achieve these goals, 28 mesocosm experiments were monitored for a period of two months.
Copper and Pollution
Copper, as with others trace elements, plays a biologically essential role in the growth and life of most aquatic organisms. Above a specific threshold, however, it may potentially become toxic to marine and estuarine organisms [21] . Copper is a common contaminant with a high toxicity when it comes to marine organisms in coastal areas, particularly in industrialized bays, lagoons and estuaries. Inputs of copper into natural water come from different sources, including mining, smelting, domestic and industrial activities and from algaecides and anti-fouling paint on boat hulls. High levels of Cu in the sediment are considered to be toxic for aquatic animals, including meio-and macrofauna [22] . Copper ions can form complexes with organic materials, as well as bind to particles of sediment, and much of the copper entering the coastal environment is therefore become incorporated into sediment [23] . It is thus of paramount importance determining its bioavailability, which essentially depends on a suite of physical, chemical and biological factors in the sediment. The Sediment Quality Guidelines (SGQ) of the U.S. Environmental Protection Agency (USEPA) introduced the "Effects Range-Low" (ERL) value, which represents the concentrations below which adverse effects rarely occur, and the "Effects Range-Median" (ERM) value, which represents the concentrations above which such effects frequently occur [24] . For Cu, the ERL and ERM have been set at 34 and 270 ppm, respectively.
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Material and Methods
Collection Site and Sampling
On May 18, 2009, sediment and seawater were collected in front of Fano, which is in the northern part of the Marche region (central Adriatic Sea, Italy). The collection site is located at a water depth of 14.5 m, and is a coastal zone characterized by oligo-mesotrophic conditions and particularly low levels of human activity. This site was selected because it is clean and because previous studies [25, 26] have documented a well-diversified foraminiferal assemblage there. Then, using a multi-parametric probe, the temperature, pH, salinity, Eh and dissolved oxygen (DO expressed as mg/l) content of the seawater were measured in a vertical profile.
Sediment was collected by deployment a Van Veen grab several times to ensure that sufficient material was gathered, which is a technique that has been previously used by [15] and [17] . Once on board, the grab was carefully opened and a large amount of surficial sample (~0 -2 cm) was collected. The surficial material was used since most foraminifera live in this part of the sediment. It was then stored in one large box and kept at 20˚C (average ambient temperature of bottom waters during May, [26] ). The box was filled with ambient seawater and aerated several times during transport to the laboratory by removing the cap and stirring the water column gently. Seawater was collected near to the sediment-water interface at the same site. Three random replicated sub-samplings of the sediment were retrieved from the original sample, homogenized and used for foraminiferal, grain-size and geochemical analyses following the procedures described below. These preliminary analyses enabled us to evaluate the sediment characteristics and determine species' abundances before the start of the experiment.
Laboratory Treatment
Following [15] , the sediment was homogenized upon arrival in the laboratory and sieved with ambient seawater over the 710 μm screen to remove macrofauna and meiofauna taxa in order to eliminate the potentially disturbing effects of bioturbators and the few larger predators. We used the ambient seawater during the sieving treatment. The aim of the homogenization process was to minimize the effect of foraminiferal patchiness in the sample and to create identical starting conditions for mesocosms, ideally containing the same number of living fauna and having similar geochemical conditions. This also eliminated the factor of the variable grain size of the sediments, which might have affected the comparability of the samples [19] . The seawater was then left to stabilize for salinity and pH values that were similar to those at the time of collection.
Original Sediment Characterization
The homogenized three-replicated sediment samples were split into four aliquots for different analyses. The first, which was used for grain-size analysis, was treated with an H 2 O 2 solution, sieved on a 63 μm screen to separate the fine fraction (mud) and dried at 40˚C. The grain size analysis was carried out to determine the percentage of mud, while the sand fraction was established by means of a series of ASTM sieves.
The second aliquot was dried, reduced to a fine powder and used to determine trace element content in the sediment samples. Activation Laboratories Ltd. [27] analyzed a fraction of 0.5 g samples for 56 elements using Inductively Coupled Plasma Mass Spectrometry (ICP-MS), which is a multi-element technique capable of measuring concentrations at very low detection limits (mg·kg -1 to µg·kg -1 ). The sample was digested with four acids beginning with hydrofluoric, followed by a mixture of nitric and perchloric acids. It was then heated using precise programmer controlled heating in several ramping and holding cycles, which dries the samples. After dryness was attained, the samples were returned to a solution using hydrochloric and nitric acids. It should be noted that this digestion may not be complete if resistate minerals are present. Moreover, As, Sb and Cr may be partially volatilized. The digested sample was diluted and analyzed by a Perkin Elmer Sciex ELAN 6000, 6100 or 9000 ICP/MS. One blank was run for every 40 samples, an in-house control every 20 samples and the digested standards every 80 samples. After every 15 samples, a digestion duplicate was analyzed. The instrument was recalibrated every 80 samples. A further aliquot of a sample (~0.5 g) was digested with aqua regia at 90˚C, and the Hg in the resulting solution was oxidized to the stable divalent form. Since the concentration of Hg was determined via the absorption of light at 253.7 nm by Hg vapor, Hg (II) was reduced to the volatile free atomic state using stannous chloride. Argon was bubbled through the mixture of sample and reductant solutions to liberate and transport the Hg atoms into an absorption cell. The cell was placed in the light path of an Atomic Absorption Spectrophotometer. The maximum amount absorbed (peak height) was directly proportional to the concentration of mercury atoms in the light path. Measurements were carried out automatically using a flow injection technique (FIMS). The Hg analysis was performed on a Perkin Elmer FIMS 100 cold vapor Hg analyzer.
The third aliquot was used for documenting the benthic foraminiferal assemblages at the time of sample collection, and the procedure used is described in Section Copyright © 2012 SciRes.
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Preparation of the Copper-Water Mixture and Experimental Setup
In order to study the effect of Cu on benthic foraminiferal assemblages, seawater mixtures with contaminants at different concentrations were prepared. Pollutant concentrations for experimental media were obtained by adding appropriate volumes of stock solutions to seawater. The level of exposure was selected to be realistic compared to "natural" environments. In particular, six different concentrations (60 µg/l, 120 µg/l, 240 µg/l, 480 µg/l, 1200 µg/l, 2400 µg/l) of copper solutions were prepared by dissolving water soluble copper chloride (CuCl 2 ) in seawater. Four mesocosms without contaminants were run and served as controls.
Mesocosms
After laboratory treatment and settlement for one day, the sediments were deposited in 28 mesocosms (24 treatments and four controls) for a period of two months. The experimental periods were long enough to monitor the response of the benthic foraminiferal assemblages in terms of parameter assemblages. Following [18] , incubating ~7 cm of sediment would have resulted in high densities of living foraminifera near the sediment-water interface. Almost the same amount of sediment was used for all mesocosms and filled with six different copperwater mixture concentrations. Four mesocosms without copper were run and served as controls. In these mesocosms, which were maintained without any supply of nutrients, half of the volume of the water was renewed every week with seawater from the collecting site, while the salinity was kept stable. The seawater had a salinity of ca. 36% -38% which, following [25] , would have been the normal salinity reported for the area at the time of collection. The salinity was kept constant by frequently changing the seawater. The mesocosms were not kept under ambient hydrostatic pressure, since previous studies [28] have suggested that there was no need to do so with material collected from these, relatively, shallow depths.
Sub-Samples of Mesocosms and Time Experimental Setup
The sampling of the experimental mesocosms involved a number of steps, which were followed during all sampling phases of the experiment. A constant volume (~50 cm 3 ) from any mesocosm at different contaminant concentrations was taken from the upper ~1 -2 cm of each sample. All of the sub-samples were labeled with the nominative concentrations and the time of sampling (one week, two weeks, four weeks, and eight weeks).
Taxonomic and Quantitative Analysis of the Foraminiferal Assemblages
Following the method described by [29] , the sediment was stained with buffered rose Bengal dye (2 g of rose Bengal in 1000 ml of ethyl alcohol) immediately after sampling for at least 48 h to distinguish living foraminifera. According [30] , only specimens containing dense, brightly red-stained protoplasm were counted as alive. The samples were sieved over 63 μm mesh-size screens, dried at 50˚C and weighed. They were then gently washed through a 63 μm sieve with tap water to remove clay, silt and any excess dye. The residual fractions so obtained were re-dried at 50˚C and weighted to determine by their difference the mud fraction. Quantitative analyses of the benthic foraminifera were performed on the fraction > 90 µm. The living (stained) foraminifera were hand-picked and separated from the sediment for faunal analysis. All live (stained) benthic foraminifera were picked, identified and counted. They were then taxonomically identified at genus level, largely following [25, 31, 32] . Then, mainly following [25] and [33] , several parameters linked to the assemblages were calculated, including foraminiferal density (FD), species richness (S), the Foraminiferal Abnormality Index (FAI, defined as the percentage of abnormal specimens within the sample) and n/N (defined as the percentage of specimens < 125 µm within the assemblages).
Material and Methods
Field Distribution
Sediment Chemistry and Grain-Size
The sediments are primarily composed of mud (~69%). Trace element concentrations are compared to the ERL (Effect Range Low) and ERM (Effect Range Median) values contained in the sediment guidelines produced by the U.S. Environmental Protection Agency (USEPA) [24] . All of these elements have a concentration that is lower than the ERL, although Ni has a value that is greater than the ERM. The copper concentration at the beginning of the experiment is 32.1 ppm, which is slightly lower than the ERL (34 ppm). These trace element concentrations can be compared to those reported by [25] along the central-northern part of the Marche region.
Composition of the Original Foraminiferal Assemblages
The studied sample contains abundant and well preserved living benthic foraminifera. The assemblages are mainly represented by hyaline species (~91%), with minor percentages of porcelanaceous and agglutinated foraminifera.
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The biocoenosis is dominated by Ammonia (~71%) and subordinately by the Elphidium, Aubignyna, Haynesina, Bolivina and Bulimina genera. Accessory genera include Hopkinsina, Eggerelloides, Haynesina and Buliminella. This living assemblage is largely dominated by infaunal genera. Epifaunal taxa, which mainly belong to Quinqueloculina and the keeled Elphidium genera, are present in low abundance. The biocoenosis is characteristic of shallow, oligotrophic and moderately oxygenized environments, and is typical of the area investigated by [25, 26] . Most of the biocoenosis is constituted of herbivore feeding forms with a marked preference for mud and/or fine sand substrates. The genus Ammonia from the studied area chiefly consist of A. parkinsoniana and, albeit subordinated, the opportunistic species, A. tepida. Representatives of this genus dominate shallow water environments all over the world. In particular, A. parkinsoniana, which is typical of relatively clean environments [34] , is very common all along the Italian coast between a water depth of 10 and 20 m, irrespective of the substratum type and percentage of organic matter [35] . On the other hand, A. tepida, which represents only a minor fraction of the assemblage, is known for its great tolerance to all kinds of stressful conditions [5, 6] . The FD and S have values of 43.8 and 29, respectively. Higher values of FD and S are found when compared to those provided by [6] . These higher values probably reflect a slightly deeper water depth. The low percentage of the FAI (0.54) is the typical value recognized in unpolluted sites in this area [6] and can be compared with similar values reported in a non-stressed population. Indeed, [36] observed about 1% of abnormal tests in laboratory cultures of Ammonia under normal conditions, whereas [37] found 1.75% of abnormal tests in a monospecific culture of A. tepida living in an unpolluted microcosm with 35% salinity. The percentages of specimens < 125 µm n/N is 20.5.
Copper-Treated Mesocosms and Benthic Foraminifera
All of the samples, at any concentrations and times, contain abundant and well preserved living benthic foraminifera. The assemblages' taxonomic composition is similar to that recognized in the original assemblages, and treatment seems to have had a limited effect (Figures 1-4) . The FD documented in all of the mesocosms is lower than that calculated in the original composition, and it is probable that all of the initial treatments may have slightly affected the assemblages to some extent. The FD ranges from 12.3 (2400/W8) to 31 (0/W1). Although a clear reduction trend of FD can be observed with time exposure, and even within the control experiment, it is more pronounced as the concentrations rise (Figure 1) . After one week (W1), all of the mesocosms exhibit similar FD values, whereas in the following weeks (W2, W4, and W8) a lowering in FD can be observed and become more evident at concentrations higher than 120 µg/l. No particular difference in FD between the control and the concentration of 60 µg/l is observed (Figure 1) . The decreasing FD values can be explained in terms of higher mortality (or a lowering in reproduction) in response to the presence of a contaminant. However, the reduction in FD is also evident in the control experiment over time, and may be due to a reduction of food availability within the sediment, or to the presence of potential small predators that were not excluded through sieving (e.g. ostracods). A lowering in FD in response to trace element pollution has been widely reported in both field and mesocosm studies [20, 38] . In particular, increased equitability and reduced abundances have been documented in sediment with very high Cu-concentrations (>900 ppm), whereas lower concentrations appear to not significantly affect the FD [20] .
The same results were achieved by [18] , who documented a lowering in FD in all mesocosms exposed to oil pollution, including the control. In all of the oil-treated mesocosms, however, the FD reduction in the >150 μm, as well the 63 -150 μm, fractions was enhanced when compared to the control. An increase in foraminiferal mortality and a possible inhibition of foraminiferal reproduction were suggested. A similar decrease in FD in response to 2.00 nmol/g TBT exposition for seven months was reported by [12] . However, this decrease is within the confidence limit when compared to the control. An unclear trend was evidenced in the n/N, which ranged from 17.7 (1200/W1) to 33.3 (2400/W2), with a mean value of 24.4 (Figure 2) . The values after one week (W1) reveal a similar value in the original assemblages, especially for the control and the 60 -240 µg/l mesocosms. An overall increase of n/N is shown over time, and generally higher values are associated with increased Cu concentrations. The S ranges between 12 and 25, with a mean of 19 ( Figure 3) . Higher diversity values are recognized in the two weeks (W1 and W2) after the beginning of the experiment and at low Cu-enrichment (<120 µg/l) in the following weeks (W4 and W8). Although no significant correlation between S and Cu concentrations is found in our research, decreasing values in both control samples and those treated with increasing levels of Cu have been documented by [20] . The FAI varied from 0.58 to 2.87, with a mean value of 1.56 (Figure 4) . These values are within the range of variability for this area. Indeed, [25] have previously documented mean FAI values between 1.4 and 2.5 for unpolluted and very slightly polluted areas, respectively. Several kinds of abnormality are recognized: 1) reduced chamber (s) size; 2) aberrant chamber shape; 3) distorted chamber arrangement or change in coiling; 4) abnormal additional chamber(s); 5) abnormally protruding chamber (s); 6) Siamese twins; and 7) non-developed tests (Plate 1). The occurrence of abnormal specimens is not restricted to Cu-treated mesocosms, but can also be observed in the control mesocosms. Increasing values of the FAI are also observed both over time and concentrations. Moreover, several relatively small tests of Ammonia with a large proloculus, namely the so-called megalospheric forms, are noted after eight weeks. These specimens were not restricted to Cu-enriched mesocosms. Indeed, [39] have previously found that megalospheric forms of A. tepida were dominant at stations where this toxic trace metal was prevalent.
[40], meanwhile, suggested that foraminifera under stressed conditions, including changes in salinity, nutrients and oxygen depletion, might change to an asexual mode of reproduction.
Field and experimental data provide evidence of Cu toxicity in benthic foraminifera after expositions. In particular, the benthic foraminiferal colonization in Cucontaminated sediments was investigated by [20] . Their study provides compelling evidence that high (~970 ppm) to very high (~1760 -2400 ppm) concentrations of copper in sediment have a detrimental effect on benthic foraminiferal assemblages, including reduced abundance and diversity and increased equitability. However, no relation between the occurrence of abnormal specimens and Cu contamination was found. The response of two species of Ammonia cultured at different concentrations of Cu was investigated by [41] , who documented a negative effect at concentrations as low as 10 µg/l and a lethal value at 200 µg/l. The increased pollution led to delays in the construction of new chambers and reproduction, which the authors linked to the possible low density recognized in the polluted area. They also found increased values of abnormality and some cytological modifications in abnormal specimens. Furthermore, according to [42] , concentrations of 10 -20 µg/l might induce the development of abnormalities in the species A. beccarii. Meanwhile, [43] investigated the effects of Cu, Mn and Ni incorporation in the foraminiferal calcite of A. tepida under laboratory controlled conditions. Although the concentrations of Cu (295 nmol/l to 3290 nmol/l that equal 14 and 210 µg/l) used in their experiment were comparable to those used by [41] , only a lowering in the number of added chambers was documented. However, according to [43] , an antagonistic effect among Cu and other elements (e.g. Mn) cannot be ruled out. In culturing experiments on A. tepida and Heterostegina depressa, [44] pointed out that even high concentrations of Cu do not cause test abnormalities, but H. depressa does not survive in these circumstances (20 µmol/l). The development of abnormal tests on A. tepida exposed to 5.5 mg of oil in 100 ml of seawater has also been reported in petri-dish experiments by [37] . The development of abnormal specimens, as well as a reduction in foraminiferal size, has likewise been documented in R. leii exposed to Hg [45] . These results were confirmed by [46] , who evidenced a more acute effect on R. leii when the addition of Hg was sudden rather than gradual. The response to As of Amphistegina gibbosa, a common Caribbean reef foraminifera, was evaluated by [47] , who demonstrated a suppression of growth at concentrations greater than 50 µg/kg and 100 µg/kg for As 3+ and As
5+
, respectively. A decrease in the density and diversity of meiofaunal assemblages exposed to copper contamination was documented at concentrations of 50 to 150 µg/l through microcosm experiments [48] . These decreases were statistically significant for foraminifera, harpacticoid copeThe Response of Benthic Foraminiferal Assemblages to Copper Exposure: A Pilot Mesocosm Investigation 350 pods and polychaetes. On the other hand, there were no statistically significant reductions in the density of ostracods and nematodes, while no reductions at all of turbellarians, halacarids and tardigrades were noted. [49] documented the sensitivity of oyster (Crassostrea gigas) and sea urchin (Paracentrotus lividus) embryos and larvae to Cu, and reported the very high occurrence of abnormalities at concentrations of 150 µg/l and 100 µg/l, respectively. In our experiments, the benthic foraminifera were not severely affected by Cu exposure. The concentrations used (60 to 2400 µg/l) were much higher than those utilized (10 to 50 µg/l) by [41] who nevertheless observed more severe effects than we did. A possible explanation may be the different approach used, as [41] exposed two species of Ammonia directly to Cu-contamination. In our experiment, however, the benthic foraminifera were maintained in ambient sediments and the effect of Cu-contamination might have been limited to the sediments themselves. Accordingly, very high concentrations of Cu (>900 ppm) in the sediments were utilized by [20] and only minor effects were reported. Moreover, concentrations higher than 2000 ppm did not prevent the ability of foraminifera to colonize the substrates. According to [50] , this largely supports the idea that it is not the total concentration of Cu (or any kind of trace element) within sediments that affects foraminifera, but the fraction of the element that is bioavailable. The present study can be regarded as complementary to long-term field studies and culture experiments, since the experimental period might have been too short to monitor a potential ecological succession of the assemblage. Unlike several previous investigations [41, 42, 45, 46] , this study does not address the response of one species to one pollutant, but instead aims to document the response of benthic foraminifera at an assemblage level.
Conclusion
In general, controlled experiments, including mesocosms and laboratory cultures, are used to identify a potential specific cause-effect relationship that has been previously inferred in field studies. This study confirms that the use of this experimental approach is suitable for investigating the response of benthic foraminifera to stress, including pollution. Moreover, the application of mesocosms is an innovative tool to be placed alongside field studies and culture experiments. This study documents that Cu contamination has a detrimental effect on benthic foraminifera, including a reduction in density and species diversity, and higher levels of abnormalities.
